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Of all the elem~ents of the physical environmnent rain fali is

bj far it most important to Buonna. It is upon ftie ra%?.; '91f
the monsoon season thet f/ic farmners of the count?) depend
for the production of i/it' all important riCC. In the Ii-
wiaddy IDelta, pictwi(d above, the modest wain brought by the
early mnonsoon soaks the~ firlds and h.'ralds the beginning of
flit' agricultural v'ear.



RAINFALL IN SURMA
Of all the elements of the physical environment none is more important than

rainfall. In a country such as Burma where 75 percent of the population is engaged
in farming and where irrigation is but little developed, life itself depends upon the
God-given rains. During half the year the land lies scorched and brown under the
cloudless sky. Stubble of the past season's rice crop shares the fields with tiny
whirlwinds of dust which dance unchallenged across the horizon. Here and there
a water buffalo plods toward a tiny mud hole seeking relief for his parched and
c .lckirg hide. As far as the eye can see no human being stirs - for this is the
hot season. Men, plants and animals are almost in a state of suspended animation

awaiting the rains.
In May when the first rains arrive, life quickens and once again has a meaning.

Trees break out in glorious flower, wild life emerges from hiding as if by magic
end the countryside is suddenly alive. Plows, harrows, mattocks and hoes are
wielded with a vengeance and the air is filled with song. The monsoon rains
have come!

The wonder of the monsoon has long fascinated man. The seasonal reversal
of winds has been known in Asia since antiquity - in fact the name monsoon is
derived from an Arabic word mausim, or "season". Early traders understood the
facts of the monsoon winds and t dvantage of the reversal to sail their difficult
to handle dhows from Southern Arabia to East Africa and back, one round trip
being accomplished each year.

The same winds are recognized today by the farmers of Burma and it is
around the resulting alternation of wet and dry periods that agriculture, and thus
life itself, revolves. The facts of the monsoon reversal may be well-known, but
the ultimate causes are only now beginning to be understood.

A usual but vastly oversimplified arl perhaps even incorrect explanation of
weather and climate in South and Southeast Asia depends almost entirely upon
the concept of differential heating of land and water. According to this theory the
broad land mass at the latitude of the Tropic of Cancer becomes overheated in
the summer months. The heated air rises and causes a general surface flow of air
from the Indian Ocean in a northeasterly direction ont- 4'e land. Air is cooled by
a variety of mechanisms including orographic uplift or squeeze, frontal action and
convectional activity. Cooling of these moist air masses brings the monsoon rains.

During the low sun period excessive cooling of the land mass results in the
development of a high pressure center and the resultant flow of air from land to
sea in a normal trade wind pattern. At this season the weather is clear and rainfall
is the exception. 1.

As more data is collected and more research is done climatologists and
meteorologists are more and more receptive to the idea of the Jet Streams as a
major control of the monsoon system over South and Southeast Asia. According to
this theory the Subtropical Jet Stream is subject to violent fluctuations from season
to season. During the "winter" this high altitude air stream flaws at a location
approximately over the south slope of the main Himalaya Ranges. These rivers
like flows of air move at speeds of 100 to 300 MPH and at elevations of 18,000
to 40,000 feet. Coriolis force tends to "spin off" air from these flows and to pile It
up to the right hand side of the path of air flow. Thus high pressure ridges,
extending all the way to the surface, develop to the south of the Jet Stream. This
high pressure causes a surface flow from land to water, from India-Pakistan-Burma
toward the Indian Ocean, and results in dry weather.

During summer months the Subtropical Jet Stream moves abruptly to the
north side of the Tibetan Plateau. Flow of air from the high pressure ridge is
blocked by the massive mountain ranges. A surface low develops at the heat
equator and the inter-tropical front moves to locations over india; thus the surface
flow of air is from the Arabian Sea-Bay of Bengal to the India-Parkistan-Burma land
mass, a reversal of "winter" conditions. These "summer" condtions are ideal for
producing heavy precipitation.

No matter which explanation is accepted the resultant climatic pattern is
similar. Burma lies in an area sublec to a ranrfdi pattern well-known to almost

1 For an example -)f this explanation used in a mtjor text see: George B. Cre1w0y, Asia's Lands and
Peoples, McGraw .';II 1963, pp 24-28
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everyone- The monsoon clirrate involves five or six months of very heavy rainfali
followed by six or seven months of very dry conditions. this reinfall pattern is
the subject of investigation in the presenst paper.

During the wet season over the hilly and mountainous eastern uplands 70 per-
cent cloud cover, such as is pictured here over Taunggvi, is the rule. Rainfall
comes in a series (of showers, some light and same heavy.



LANDFORMS AND RAINFALL

The surfac features of Burma bear a very important relationswhip to the rain-
fall pavern. In certain areas the main alignment of mountain ranges lies directly
athwart the path irf the prevail ng wind and thus produces considerable adiabatic
coolirg and very heavy r-recipitation on the windward slopes. -orh marked rain
shadow effects on !he .ee slopes. in o!her areas the convergence of mountain
chains produces an orog.aphic sqieeze effect and this in turn induces heavier h,n
ex.peced rainfall.

The surface features of Bur-ma appear to be relatively simple snd may easily
be divided -nto four r4oh-south bL-,ts each of which is significan! to an under-
standing of ihe rainfall patterns. This simplicity of !andform paterns exists despite
an extrern-ly complex tonderlying rock structure and a very involved geologic
history. Bmsically the country may be likened to the shape of a k;te wi.h mountain
and upiand egiwns comprisin the four sides of the diamond and the long tail.
The central portion of Lma consists of an extensive lowland area while more
limited lowlands are nes-led betwen. the mountains and the Bay of Begal
and the Andarnan Sea.

, The Shan Upland
The Shan upland is a deeply dissected plateau underlain by Arche3n, Palaeo-

zoc nMd Mesozoic rocks. The area is, geographically, the oldest portion of present
day B-urm. The up!avl averages roughly 3600 feet in heigh.t and its western edge
is learly marked off from the centrz! lowla.d by a well-defined north-so th fault
scarp which often rises 2000 feet in a sing'e step and which acts to produce

The Shan Upland is characterized by a strong north-south orientation of ridges
and "alleys as shoirn b-" this veu a few mrilcv ea;t of the town of Taunggy,.



orographic cooling of air and a marked increase of rainfall. This escarpment
bounrs the eastern side of the Dry Belt in one of the most striking and most
stable dinrate boundaries in the country.

Much of the surface of the Shan Upland is of a steeply rolling hilly nature, in
many respects similar to the surfaca of the New England Upland. in many places.
but most com.'only in the northern and eastern portions of the upland, the surface
is rough and rgg-d reaching heights of 6500 feet.

Great blocks of massive limestone, sandstone, metamorphic rocks and granites
are found in highly folded complexes with a very strorg north-south tendency.
This pattern gives a great variety of landscapes with the north-south alignment of
hills and valleys the chief unifying characteristic As the careful observer moves
from place to place in the Shan Upland he is struck by the vegetation and land
use difFierences between the roiling upland and the more sheltered vailey bottoms.
In part this change may be due to temperature differences and in part to soil
differeres. Such differences do no-- show on even the bes-r maps of the area fo-
the valleys are only a mile or two wide &nd the rainfall records for the entire
Shan Upland are based on only 12 rain recording gauges of which four are full-
time reporting weather stations. Cleary such scanty data are insufliient for
detailed analysis.

Even though the upland is topographically old many of the larger rives,
notably the Salween and the Myitnge, an important tributary of the Irrawaddy,
show youthful characteristics. During much of their traverse -f fhe upland they
are deeply entrenched and have numerous falls and rapic. Other smaller rivers
such as the Pilu have developed courses in areas of plateau limestone and flow
sluggishly through broad valleys. On higher ground to eit'her side of such valleys
polje are common.

The Shan Upland merges gradually with the Putao Knot to the north and
extends well into Thailand on the east. To the south, especially in Tenasserim, the
plateau character of the landscape is lost and is replaced by long bands of parallel
hills and low mountains with narrow valleys between. Elevations here average
2800 feet with a number of individual ridges rising to 5000 feet. The hill and
valley alignment in Tenasserim is nearly parallel to the coast and cuts almost
directly across the path of the summer monsoon winds. The alignment is well
ilustrated by the course of the Tenasserim River which originates northeast of
savoy and flows southward within 20 to 50 miles of the sea for over 150 miles
before breaking through the hills south of Mergui.

The orientation and location of this southern extension of the Shan Upland
helps to produce some of the heaviest rainfall in all of Burma. The equatorial loca-
tion also helps assure this coast the longest rainy season in the courtry.
B. The Central Belt of Burma

The Central Belt, in contrast to the Shan Upland, is a relatively young section
of the country. This region was occupied, as recently as the latter part of the
Tertiary period, by a great arm of the sea known as the Gulf of Burma. Great
depths of sediments were deposited and were later consolidated into sandstones
and shales. This broad Central Belt extending from soJth of the Putao Knot all the
way to the present day Gulf of Martaban was uplifted and was then subjected to
degradation by the Proto-Irrawaddy and the Proto-Chindwin Rivers. The softer
rocks yielded readily and broad valleys were created. As sea levels rose once
again the streams agraded their channels and deep alluvial deposits were laid
down.

The harder rocks of the Central Belt resisted erosion by t1he giant ancestors
of the present Irrawaddy, Chindwin and Sittang Rivers. It is these more resistant
rocks that today stand as isolated ranges of hills buried knee deep in seas of
alluvial deposits. Thus the Pegu Yoma separate the Irrawaddy Velley from that of
the Sittang and in part help to create the Dry Belt of Central Burma. The southern-
most spur of the Pegu Yorno supports the magnificent Shwe Dagon Pagoda at
Rangoon. From this point north the range gradually increases in height and
breadth to culminate at Mt Pcpa, south of Pakokl,u, where a single peak reaches
4981 fee!. This range receives significantly higher precipitation than do the plains
to the east and west North of Mt. Pope, where the Pegu Yorna end, the rainfall
totals fall off abruptly and the Dr/ Belt achieves its greatest permanence

North of Shwebo and Katha other ranges of hills. sirmilar in origin to the



Pegu Yoma. mnake their appearancoe above the alluvium- These ranges become
wider and highe- fLrhe to the norih and, in fact, are the foothills souih of the
Puwao Knot.. To .h~e west these hill 'anges merge withi the %Vegern hlbuntaifl Bel'

Air m-kasses mounng north acroscs t.he Cenre; Bel are confined by the higher
nio..,nains to bo:r- eas: and wres- and are forced Lj)p and over the Shwebo-, Katha
an~d oh i ranges- Orographic cooling increases the re-nfoall on these areas and
inus thiills. in efet -.ark the or--en limni: of -.he Dry Belt-

C. TI-e WIesten U. o-ntasn Belt
The Western hoUxntain Belt is ccmposed of several parallel ranges that.

originate from t.he Pumao Kno* an-d exter4d all ibo- way to Cape Negrais at the
southviestern coinerf of the Irrawaddy Delta- This riountain system is broest and
highest to the noith and gradually diminishes in stature toward the south- Through
;he Chin Scecia! Division alono the Indian borcier eleva-ions --f a number of ridges
reach 9000 :.eet while the Nghest peak, Mtr Sarematti on the Assamn border,
reach--- an elevation of 12,551 feet*. Along t.he A.akan Coast the crest ci the range
averages roughly 5000 feet wi-.h a numbe,-r of gaps at 2500-3500r feet.-From a climatological point of view the porfions, of the Arakan Yomna parallel-
ing ;he coast from the Pakistan border to t.he Irrawaddy Delta are of particular
impor-tance. Pere the summer mnon w/inds -from the warm bay of Bengal mileet
the hills at right angles. As t.he air is forced over the hills, cooling takes place an
.he- heaviest rainfal in Burma is recorded. Wrhere the mountains are higher, as
behind Akyab. t.he rainfall is most intense while further to the south where the
relief is lower precipiration too is more modest.

/11 Mt. a I, fill I11tf (1??Hi l )f Iuii- ma hills and 7710117,f(1J t1 1 , /' ,w 1f tii

I ,wa:dill~ )1% i (,1 0uCif t4 00I fit I alowig the (liowhid(i Dym)u, Ott~ fl w'

itwO~ i% l\ loit) 1 . 10') h~r ci ir ;',mi bc- /o f/c old l, Iid to; *,'i



To the lee of teerarages the effect is equally apparent. A fain shadow is
well-developed from Prorne to the Centrals Chinidwin VaIev and is nast stroncly
developed be-weenr I.'inbuj arnd Pakocku- Air descending the- eastern skcrpes of 'he
Arakan '(ama is viarm-ed adiabatically arid uilse precioiration falls in, -he- area.

The Western h!brintain Belft swings in a broad arc and toward i-ts ncrt-hern
end the trend of the rariges is from southwest to northeast. At the niortherni tip of
Burcra these -anges ioin forces with the- northern e"d of the Shan Upland to cuA-
inate in the Puma !Cne: Tshis mass of mnountainous terrain is high, rugged and,

in part, unexplored. Several peak-. both along th.e Assam b4-.der and :.he China
border reach heights of well over 12,000 feet. At the extresmre northern :.io of
Surma Hkababo Razi reaches 19,296 feet abov,.e sea leveL4

Ranges of this height convergin.g at the northern end of a long 'ouvlancl
funnel through which sunmmer nxsccn wirmd6 naturally focus pmcvide a topo-
graphic trap. As air m-assei are caught in this gigan-tic box canyor orographic
squeeze beccrrnes well-developed. The funnel becomets rore and more narrow. as
air moves further to the north. This, combined with ;he fact that grovnd surface
becornes increasingly rugged, indtces expansion aloft, rapid air cooling massive
cloud development arid heavy rainfali. Thus rapid increases in average annual
precipitation are experienced as one travels from :harr~o to Myitkyina and further
north along the lrrawadcry Valley.

D. The Arakan Coastal Strip
The Arakan Coastal Strip is a narrow beit between the Arakan '(ama on

the east and the Bay of Bengal on the west. In the northern portion of the belt
there is a broad area of level land formed by the flood plains of the everal streams
which debauch from the hills and mountains to the north arnd east. To t.he south
?Ie coasta! striD is considerably narrower and is in fact displaced altogethcr in
severa; places where the Yoama reach the Bay.

The Arakan Coastal Strip is of roughly the same age as the Central Belt and
was formed in a like manner. This is by far the smallest of the geornorphic regions
of Burma and from the climatological point of view is the least significant.

7



GATHERING RAINFALL DATA
Rainfall data in Burma are co!--t*ed from a newc-rk of 228 raingauge stations

distributed ;hroughou; *he cojn:ry as show-, on -nap 3. A co.,nt of the stations
shown on map 3 will reveal tha: iA f the stations h-ve been omitted. This is so
because at several of the District ca:itals two rainaoauor stations are located within
a mile of each other, too close to be distinguished on a map of the sca.e presented.
Whnere two stations were found to be in dc-se proxi.mity .he data from the station
of longest recArd was used in this repon. For example, a few mijes north of
Rangoon data were available frcn lingaladotn Airport, a meteorological observa-
tory, and from h.ingaladon Golf Club, a privately operated station. In this case
the airport data was used and !he golf dub data ignored.

The rainfall data are collected by three different government agencies of
which the Meeoroiogical Department is by far the most important. This Depart-
ment operates 30 full-tir e permanent observations scattered wideiy thfuugiout
the nation and located mainly at the District and State capitals. In additon there
are 12 other observatories fuliy equipped to measure rainfail, temperature,
humidity, pressure and wind. 'hese 12 are also located in District capitals and
differ from the 30 above only in that they are cassed as non-permanent despite
the long records compiled.

The Meieorological Department also maintains equipment and pays part-time
observers at 150 raingauge stations. These observers record the data from their
8 inch raingauge each day at 0930 local time and forward the results periodically
to the cntral office in Rangoon. These gauges were discovered to be located in
fenced enclosures with adequate exposures on sites chosen by the Meteorological
Department. Where the reports are available these data are considered reliable.

The Irrigation Department aiso maintains a system of gauges centered in the
Dry Belt of Central Burma. These 29 stations are equipped with 8 inch gauges and
are cared for by full-time observers. The gauge at Meiktila is considered one of
the best in the whole country and is of the automatic tipping bucket variety.

The Agricultural Department, too, helps in the collection of rainfall data.
This Department maintains a system of experimental farms and at seven of these,
8 inch rainfall gauges are operated by competem men with reporting done directly
to the Meteorological Department.

A study of Map 3 will show that the distribution of raingauges is not even
throughout the country but is highly concentrated in the major agricultural regions.
The network in the Irrawaddy Delta and in the Dry Belt is adequate for all but
micro-studies. In the Shan Upland, as in the mounTainous region to the west and
north of the nation, the coverage is scanty indeed. Of particular note is the fact
that nowhere in the country are raingauge stations located so as to provide data
from various elevations across a mountain range.

One excellent possibility for a detailed study of rainfall differerices with
changing elevations appears to be along the road between Bhamo and Sinlumkaba
in the Kachin State. The direct east-west distance between these towns is 17Y2
miles and a jeepable road connects the two. Bhamo, at an elevation of 350 feet,
is the site of a full-time government observatory which could act to check the
accuracy of data collected at the low point of the profile. Sinlumkaba, at 6052
feet, is the site of a government high school where well-educated arid responsible
observers could be found for the intermediate stations.

Another potential profile site lies along the road from Meiktila or Thazi, near
the southeastern edge of the Dry Belt, along the road to Kalaw and Taunggyi in
the Shan State. The straight line distance here would be about 65 miles and the
difference in elevation would be slightly in excess of 5000 feet Government
stations are established at each end of this profile and could serve to anchor the
profile.

Very interesting resu!ts might be obtained from a profile between Kalemyo,
in the Chindwin Valley, and Tiddim, in the Chin Specia! Division. Such a profile
would start at an elevation of 650 feet, pass througF Fort White, at an elevation
of slightly over 7000 feet, cross the pass at 8000 feet and terminate at Tiddim,
elevation 4000 feet Additional stations on such a profile might well extend three
miles east of Tiddim to reach the Manipur River at an elevation of 1600 feet.
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Rainfall data are coflected in Burmna by several government
agencies. At most stations iaingauges arc the only instru-
menits In place. These gauges are normnally of the standard

S"me anid (Iic well exposed in a f(eneed c(?npouhid. Here at
Tauiinggp in the compo un th1 !e Highw Z' y Departmiren t are
located two rain galucs, an anemiometer, a weather vane, and
a standlal(l instanew it elter c')ntfaing a bar-ometer aDid
Ynaimiifhimt and hiinimihf 1 tleio'iinomte?
/11t statsons such as this, full-tie trained observers aire
('i/Jlllov('d. At smelle, stations, part-time observers Yead the
W1ii1i1jg' anid iet)oij the fini(dmgs to R~ang~oon



The road from Bhamo to Sinlumkaba offers excellent possibilities for a rainfall
study profile. The road is open to jeeps at all seasons but during the rains it is
sometimes subject to landslides as above.

The rainfall data collected by the various raingauge stations throughout the
country are considered to be general!y quite accurate although occasional typo-
graphical errors are to be found in the printed tables. Small variations in monthly
and yearly "normai" figures are found from time to time in the records for almost
every station as is illustrated by the example below.

Table 1.
Various Mandalay Rainfall Data 1

J F M A M J J A S 0 N D Year
a. .1 .1 .2 1.2 5.8 6.3 2.7 4.1 5.4 4.3 2.0 .4 32.5
b. .0 .1 .2 1.1 5.5 5.4 3.4 4.1 6.5 4.7 1.7 .3 33.3
C. .0 .2 .2 1.4 5.9 5.9 2.8 4.0 5.8 5.0 2.5 .4 .14.3
d. .1 .1 .2 1.1 5.3 5.7 3.3 4.2 6.2 4.5 1.7 .3 32.5

1 . Line A, data as recorded ir "Statement Showing the Monthly and Annual Rainfall at Rain-Recording
Stations in Burma for the Year 1954", same data is listed for the years 1950 1953; same data is used
in the "Season and Crop Report of the Union of Burma' for the years 1951-1960. Line B, data as shown
in "Technical Report EF.91", Quatermaster R. and E. Center, Natick, Mass., p. 10. Line c, data from
"Rainfall Reccrded at District Headquarters or at ?he Station Nearest to District Headquarters in Burma
for the Month of - - - 1960", same data presented by M. Y. Nuttoson, "The Physical Environment
and Agriculture of Burma", p. 19. Une d, "Climatological Tables for Burma" Rangoon, 1949 (reprint),
pp 4-5

11



In part these small differences can be traced to a change in the location of
the collecting point. For example, the officia! record for Mandalay was originally
compiled at the University College campus, but at the end of World War II a new
collecting point was established at Mandalay Airport. The new station has the
same elevation and almost the identical exposure but is located one half mile due
south of the oider University College raingauge.

Differences in the "normal" data for some of the stations with records shorter
than Mandalay's 60 years can be explained only by the gradual :efinement of data
as more and more records become available.

12



AVERAGE RAINFALL TOTALS
The most striking features of Burma's precipitation as shown on map 4 are

the heavy rainfall totals along the Arakan and Tenasserim Coasts and the very low
totals recorded in Central Burma. At Thaton and Tavoy on the Tenasserim Coast
rainfall averages are 216 inches and 214 inches per year respectively while 10
miles to the south of Tavoy the village of Launglon records 226.23 inches per year,
the highest average of any of the raingauge stations in Burma. This station, three
and one-half miles inland from the coast, lies at an elevation of less than 500 feet
above sea level. Twenty miles inland from Launglon and ten miles inland from
Tavoy a range of hills parallel to the coast reaches an average crest line of 5100
feet. Undoubtedly precipitation totals on the windward flanks of this range are
far higher than that recorded at Tavoy. Unfortunately the only available data is
from coastai lowland stations. A profile of raingauges extending directly east
from Tavoy to the valley of the Tenasserim River would yield interesting and valu-
able data on rainfall variations as influenced by topography.

The Arakan Coast, too: records very high annual totals and stations such as
Akyab are often used in introductory texts as examples of extreme monsoon rain-
fall. At Akyab the long term annual average rainfall is 203 inches while Sandoway
measures 212 inches. Again all of the 15 raingauges in this section of the country
are located on the coastal !owlan6s or on the small offshore islands and none are at
significant elevations on the Arakan Yoma. A trail leads almost directly across the
Arakan Yoma from the coast behind Kyaukpyu to Minbu in the Dry Belt. The
mountains between these stations reach heights of 5600 feet. Again no rain-
gauges have been established along this profile and a study here would shed
invaluable light on the question of rainfall variations with elevation on a mountain
range lying directly athwart the monsoon winds. Travelers who are familiar with
the road from Taungup to Prome, 75 miles south of the above proposed profile,
report dramatic changes in rainfall, vegetation and land use potential from one side
to the other of this considerably lower pass.

Map 4 shows heavy annual rainfall totals in the deltas of the Irrawaddy and
Sittang Rivers. Heaviest rainfall is recorded on the extreme east and west margins
of the compound delta. Thus, south of Bassein precipita ion averages a little over
125 inches. But even greater totals are recorded at the eastern side of the delta
along the edge of the Shan Upland. Here, orographic uplift combines with other
rain producing mechanisms to yield 139 inches at Shwegyin in the Sittang Valley
west of Papun. This station is located 15 miles east of the escarpment which
reaches a height of 6000 feet in this area. Without question a gauge on the
escarpment edge would show even higher totals.

At the seaward edge of the middle of the Irrawaddy Delta rainfall totals are
roughly 100 inches and northward from this point they decrease gradually with
increasing distance from the sea, as may be seen in table 2.

Table 2.

Rainfall in Delta

Rainfall Miles from Edge Same Latitude Rainfall
Irrawaddy Valley in Inches of Delta in Sittang Valley in Inches
Myaungmya 103 30
Maubin 96 40
Danubyu 87 75 Pegu 127
Henzada 84 100 Nyaunglebin 123
Myanaung 55 150 Pyu 119
Paungde 52 170
Prome 47 200 Toungoo 83

This pattern is clear in the Irrawaddy Valley and is also noticeable in the
Sittang. This latter valiev however records higher totals at any given latitude than
does the Irrawaddy for two reasons: uplift at the edge of the Shan Plateau and
the rain shadow effect. Tab!e 2 compares stations at similar latitudes in the two
basins.
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Frcs-, ?trne mxtdwr altaV~ ;he Irrwaddy Valte-y rainfall :o-rals c;0uet
decrease rn.arkedly t* reaih a rinirntri a iew riles sotjd' of the confixwemce of nf-
C(hindwin with th.e irrawaddy.- Tgs junicn brngs togehoer the waters of two of
Storna's greatest riv-res in the cenner &r a region whi-ch often suffers 6esperfately
i-rm water shae.Ironicalfly neitnier: of these rivi-crs is used for irriga-fion. In
ea 7:;-r days -dm te&.ra~bgy n~cessary for stich 6_elopinen: was no; available and
today capital adequate to .fb- task is _-ol to be had -,Ahin tbe ccunvy. The
dramstic drop in rainfall tow'ls ' _--tean Prorne an-d the hear. of the Dry Belt at
Pagan is illustrated by Table 3.

Table 3.

Rain~fall in Dry Eveif

LoainRainfall Number of
Loatonin Inchet-s Rainy Days

Prome 47 82
Sinbeungwe 32 5
Magwe 31 53
Yenangyaung 25 41
Seskpyu 24 34
Pagan 23 36

On the eastern side of the Central Lowland the drop in rainfall north from
Toungoo is equally impressive in terms of percentage decrease but here the
absolute minimum is nowhere as low as it is in the Irrawiaddy Valley. This may be
accounted for in part by the effect of the Shan Upland but perhaps of even greater
significance are the fo-hn-like winds which blow down the lee slopes of ',he
Arakan 'tomna and cross the Irrawaddy lowlands. These winds not only increase
the rate of evaporation in the Irrawaddy Valley but also mix with air flowing north
from the delta region re-lucing its relative humidity and lowering its potential for
precipitation. These fbhn winds are blocked from access to the Sittang Valley and
its northern counterpart, the Samon Valley, by the Pegu Yonia. Precipitation means
are thus somewhat higher and potential evaporation somewhat lower to the east
of the Pegj Yoma than to the west.

North of the latitude of Manda!ay several hill ranges appear in the broad
basin between the Irrawaddy and the Chindwin. Ranges such as the Sagaing Hills,
the Kaukkwe Hills, the Loipyet Hills and the Mingin Range reach heights of several
thousand feet and provide a mechanism for causing further orographic cooling
and a gradual northward increase in precipitation. Northward of the latitude of
Katha and Bhamo the orientation of Arakan Yoma changes, the mountains become
known as the Naga Hills, the Letha Range and the Patkai Hills, and the crest lines
converge toward the Putao Knot. From this latitude northward average annual
precipitation increases markedly largely as a result of orographic squeeze com-
bined with vigorous uplift. This increase may be noted in table 4.

Table 4.

Rainfall in North

LoainRainfall Number of
LQAtS~lin Inches Rainy Days

Mandalay 32 47
Singu 43 50
Katha 58 79
Bhamo 72 101
Myitkyina 80 105
Putao '154 151
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The series of maps 5 through 16 sh w the paern of h crmur rainfal b-
ragls ovr Birmna Jan-uary is the dryest irnth. During flis first month of

yearThe yvs hraoriy of the 228 raiygages overating intermittenly throughout
ourma report an average of less than _25 inceas. in fact in any single year the
report from mast of the stations record rainfall as iir me long term averages
do depmtrate hoever that rainfall on the order of .75 inches may be expectled
in the Naga fwfills and over most of the Kachin State with the exception of tlle lo-
lands along the Irawaddy River south of Myitkyina and the Hukawng Valley. In
these latter areas and over the eastern two-thirds of the Shan Upland long term
averages are begtween onequarter and one-half inch.

ihe only other stion of the country reporting over onequartrer inch is the
coastal region from Mergui to Victoria Point at the extreme southern end of the
country. Here again in at least 50 percent of the years of record no rainfall is
recorded for the month.

The pattern for February is similar to that of January but with greater rainfall
and with a few interesting additions to the pattern. Maximum falls are still to be
found in the mountainous sections of the Kachin State and the Naga Hills. Rainfall
totals decrease markedly toward the soth and, as in January, moderate precipita-
tion is recorded in the eastern portion of the Shan Upland and in the coastal areas
of Tenasserim. Once again Mergui in the far south is noticeable for its moderately
abundant rainfall.

Variations from the January map are to be noted in the modest rainfall
increases in the central portion of the Irrawaddy Delta, at the extreme southern
end of the Pegu Yoma, at the northern end of the Arakan Coast and in the Chin
Hills.

It will be recalled that during the winter season or the so-called "out
monsoon" one of the causative factors appears to be the location to the south of
the Himalaya of the jet stream. The location of the jet stream at this position,
extending from northern Italy across the "Middle East", West Pakistan and India
all the way to the latitude of the northern tip of Burma also acts to channel cyclonic
disturbances along this path. A study of synoptic maps of India and Burma for
the "wintr" months demonstrates clearly that storms of Alantic origin move
through the Mediterranean and are trapped south of the mountain arc an the
jet stream to bring rainfaal to northern Burma from December to early April. Air
masses drawn into the warm front of such storms from over the Gulf of Siam
produce occasional widespread rainfall over the eastern portion of Burma's Shan
Stare. This nominal precipitation is sufficient to yield the heavier dry season totals
recorded in the area.

This early rainfall in the far north and the east of the country is of particular
importance to the very numerous practitioners of taungya or shifting cultivation
who inhabit these regions. This early rainfall keeps the forest moist thus helping
to control the fires used to clear the newly cut areas. Perhaps more important,
the cyclonic moisture enables the taungya to be planted and vegetative growth
to be already underway prior to the onset of heavy mnonsoon rains. Erosion which
otherwise might very soon denude the slopes is kept within manageable limits.

By mid-March the inter-tropical front has normally moved north of the
equator sufficient distance to place it along a line extending from the Irrawaddy
Delta across the Bay of Bengal to the island of Ceylon. March remnains a dry month
for Burma as a whole but at both the extreme south and the far north precipitation
occurs in modest volume.
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Taungya patches are scattered zwidely through the hill and mountain country of
western and northein Bormna. The prc-monsoon rains are of particular impnr-
lance to farming in these areas.

To the south, especially i, Mergui and Tavoy Districts, winds are quite vari-
able during the month. Air flow trom the sea together with some convectional
activity comoine to produce a March average of five inches of rainfall at the town
of Tenasserim and slightly over three inches in much of the rest of the District,
including the archipelago. Rainfall at this period, while other agricultural areas
to the north are still quite dry, gives Mergui the shortest dry season in Burma
and helps to assure the success of Burma's larcest rubber plantations. In addition
to rubber, Mergui is noted for the high quality and large volume of her equatorial
fruits.

By the month of April the inter-tropical front has shifted eastward and lies in
an almost north-south line across Viet Nam. During the monthi the flow of air from
water to land becomes more marked, the frequency of development of convec-
tional cells over the now much heated land areas becomes greater and rainfall,
although not yet heavy, becomes more widespread. During April even the dry
central Irrawaddy Valley shows averages of over one-half inch of precipitation.
Minbu for example records an average of .77 inches in April but with average
monthly temperature at 89 7 F., the highest of the year, this rainfaUl has very little
effectiveness

Areas of high elevation in the north continue to demonstrate the highest falls
in the country with stations north of Myitkyina reporting in excess of six inches.
Rainfall of five inches in Mergui District is almost matched in April by the area
around Moulmein with only slightly less than three inches



In May the air flow remans unsettled, heating of the land surface is intensive
and monsoon winds begin -o make their debut along the Tenasserim Coast where
several stations show rainfall on the order of 21-28 inche-- Along the Arakan
Coast, in the rrawaddy Delta and over portions of the Shan State. rainfall of from
11-20 inches is recorded. This normally occurs in showers of one hour or two in
duration with considerable sunny periods interspersed. Genera! cloud cover is
not yet common.

During May the Dry Belt makes it first teal appearance as may be noted by the
area of dashed lines showing less than five inches of rainfall. Despite the low
totals for the Dry Belt during this pre-monsoon period of April and May some rain
does fall and this is of very great significance to farming in the area. At Pakokku
the two month total is 3.59 inches while across the river at Myingyan the total is
4.18 inches. In both cases about 85 percent of the total occurs in May.

Synoptic charts show that during April and May the general flow of air from
the surface to a ievei of approximately three kilometers is from the south, thus
representing air from the Andaman Sea, air which contains modest volumes of
moisture. This air is apparently drawn to the dry belt by the thermally induced
low pressure created as a result of ihe very high afternoon surface temperatures.
At levels higher than 3 kilometers the air flow is from north to south, representing
very dry continental air masses.

Such conditions result in marked instability over the Dry Belt. Afternoon and
evening thunderstorms are common over the region, especiafly in May, and are
responsible for most of the rain that occurs during the month.

June, July and August are the months most typical of the southwest monsoon.
During these months the flow of air from the Bay of Bengal onto the land area of
the country is very well developed and almost uninterrupted. Air flow is generally
from the southwest to the northeast. However where the smooth flow is broken
by mountain barriers as along the Tenasserim Coast the main flow turns almost due
north to reach the Irrawaddy-Sittang Delta from the south. Along the Arakan
Coast rart of the southwest monsoon wind traverses the hills and part is deflected
towz:d the Ganges Delta.

July is typical of conditions during these months and reference to map 11
shows a number of striking features. On the Tenasserim Coast between Mergui
and the mouth of the Sit,.ong River he monsoon winds reach the hills with a high
moisture content and with remarkable consistency. Orographic cooling combined
with convectional activity and the passage of a number of "lows" combine to
produce rainfall averages of about fifty inches at a number of locations. Along the
Arakan Coast the situation is similar but here July rainfall is slightly heavier with
several stations measuring in excess of 60 inches.

Air masses moving north up the Irrawaddy and Sittang Valleys lose moisture
largely through the action of the depressions active in the monsoon flow and by
convectional cooling. Rainfall in the delta averages some 22 inches in each of the
three months June-August and this total decreases with increasing distance from
the sea as has been pointed out.

By the middle of September the force and consistency of the monsoon winds
has decreased and the monsoon has begun its "retreat". In September rainfali on
the Arakan Coast averages only 23 or 24 inches, not dry by any means but well
below the maximums recorded in the three earlier months. At the same time
rainfall along the Tenasserim Coast averages slightly in excess of 31 inches.

One of the most interesting features of the September map is that at this
month the Dry Belt receives its greatest rainfall. The area measuring less than five
inches is confined to the region between Pakok.:u and Minbu, or only about 1/6 of
the area dry in August.

October, November and December show no unexpected patterns. They
demonstrate the effect of the continudlly weakening and retreating southwest
monsoon and the emergence of the northeast winds as the dominating air mass.
From October through December the rainfall pattern is similar with the only
change being in terms of the amount.

January starts thc annual cycle once again and is the dryest month of the year.



NUMBER OF RAINY DAYS

Maps 17 through 29 portray the pattern of annual and monthly normal
number of rainy days. As might be expected the patterns on these maps are
roughly the same as on the maps of total rainfall.

On the map of total yearly number of rainy days the Dry Belt of Central
Burma shows u; well and is centered a!ong the Irrawaddy River near the town of
Pakokku. At that station the normal number of rainy days per year is 38 while
the totai rainfall is 23.91 inches. Thus Pakokku receives an average of .63 inches
per rainy day.

Victoria Point, at the extreme southern tip of the Teenasserim Coast has the
greatest number of rainy days in all of Burma, 157, and records 166.5 inches of
rainfall, an average of 1.06 inches per rainy day. Stations along the Arakan
average about 125 rainy days per "normal" year and record the heaviest falls per
day. Thus Akyab records 1.62 and Sandoway 1.71 inches of rainfall per rainy day.

For the country as a whole January is usually the month showing the least
number of station days of rainy weather. During the month the majority of the
228 stations show an average of less than one wet day. Only in the Kachin Strte,
north of Bhamo, do figures reach significant size. Here the mountains along Me
China border record wet periods about 1 day out of 10. In lower areas of the
State, records show only one wer day in 16 for the Kachin State. In the far south,
along the coastal areas of Mergui District, one wet day is expected every two
weeks in January.

Through the months of February and March the number of rainy days
increases gradually in that third of the nation north of Mandalay and along the
Tenasserim Coast as may be observed on maps 19 and 20. The remainder of the
country maintains dry weather with only modest cloud cover and rapidly increas-
ing temperatures. In this area rainy days during the first quarter of the year are
rare indeed.

In April the expected number of rainy days continue to increase in the upland
areas of eastern, northern and northwestern Burna. During the month the low-
lands, too, begin to experience a wet day every two weeks as may be seen on
map 21.

May and June are months of rapid build-up in the frequency of rainy days.
The maximum is reached in July and August after which the frequency tapers off.
It is of interest to note that the build-up of rainfall through March, April and May
is more rapid and more marked than is the decrease in number of rainy days
during September, October and November.
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PATTERN OF HEAVY RAINFALL

Map 30 showing "normal" number of days per year with five inches or more
of rainfall was compiled from the records of 158 stations over a thirty year period.
For seventy of the stations data were available for the ful: sequence of 30 years
while the remaining stations had shorter records. The total data available for
plotting the map amounted to a little over 3300 station years or an average of
slightly over 20 years of record for each station.

Very heavy rainfall is most frequent along the Arakan Coast and along the
Tenasserim Coast from Tavoy to Moulmein. At Akyab during the 30 year period
1891-1920 daily rainfall totaled between five and ten inches on 214 separate
occasions and on 15 of these days rainfall totaled over 10 inches. Its average of
7.53 occurrences per year of rainfall greater than five inches is the highest
recorded by any station within the country. Sandoway and Taungup, 150 miles
southeast of Akyab, each showed about 6.5 days of such heavy rain per year.

Several stations on the Tenasserim Coast recorded 4 and 5 and even 5.5
occurrences of 5 inch rainfall days per year, but no station in this area could equal
the Arakan stations.

The frequency of heavy rainfall decrea5es rapidly inland from the fringes of
the Irrawaddy Delta. The area least likely to experience very heavy rainfall
appears to be the southern end of the Dry Belt. Thayetmyo District, in the Irra-
waddy Valley between Prome and Minbu, had a total of five reporting raingauges.
Four of these reported for all 30 years and the fifth reported for 22 years. In a
total of 142 station years in this district only one station ever recorded as much as
five inches of rainfall a day and this occurred only once.

To the north of Thayetmyo but still within the Dry Belt Minbu, Pakokku and
Mandalay Districts all had remarkably low totals but all were higher than
Thayetmyo. In these districts heavy rainfall occurred approximately one day in
every eleven years at each station.

A second area of remarkably low occurrence of 5 inch rainfall days was
found in the Shan State in a broad arc extending north and east from Taunggyi.
Six stations in this area had records extending from eleven to seventeen years.
Three of these stations reported single occurrences of heavy rainfall during the
period of their records and three never did measure one day falls totaling as much
as five inches.

Hea, ' rainfal' (ee Ih)f 1)lta '?gions often results in extensive flooding and
the isolation of lhrIwiderd of tm village and man), larger towis.
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Table 5.

Rainfall Extremes I.

Years of
Average Max. (year) Min. (year) Record

Akyab 202.84 323.58 (1918) 120.62 (1957) 60 years
Kyaukpyu 185.93 221.78 (1926) 118.32 (1957) 30 "
Sandoway 214.05 272.95 (1918) 169.32 (1912) 74 "
Mawlaik 72.89 93.03 (1938) 32.44 (1925) 30 "
Monywa 31.32 45.51 (19A7) 18.14 (1920) 35 "
Bhamo 73.08 97.54 (1910) 55.59 (1930) 55
Katha 59.71 79.35 (1938) 36.31 (1920) 53
Lashio 61.86 94.23 (1927) 42.10 (1957) 45
Mandalay 34.31 47.07 (1904) 19.40 (1924) 50
Maymyo 60.61 80.38 (1951) 40.99 (1931) 40
Myitkyina 84.41 109.58 (1905) 50.53 (1909) 45
Bassein 109.01 142.77 (1950) 73.54 (1906) 60
Maubin 95.69 121.46 (1919) 60.25 (1906) 62
Meiktila 35.36 55.37 (1926) 22.05 (1952) 51
Minbu 34.87 55.35 (1938) 23.14 (1931) 45
Myingyan 27.42 44.74 (1926) 11.40 (1957) 54
Pakokku 24.30 39.24 (1908) 13.37 (1921) 52
Prome 47.49 65.90 (1952) 32.48 (1919) 71
Pyapon 100.68 146.01 (1929) 75.02 (1918) 50
Loikaw 46.05 76.21 (1936) 32.08 (1931) 35
Taunggyi 66.62 91.15 (190: 47.76 (1931) 38
Thaton 217.01 252.72 (1923) 163.85 (1957) 50 "
Pegu 129.86 156.82 (1937) 82.10 (1957) 50 "
Pyinmana 55.13 76.83 (1927) 41.18 (1919) 54 "
Rangoon 103.07 125.99 (1950) 76.38 (1951) 60 "
Tharrawaddy 87.11 114.99 (1914) 61.27 (1957) 40
Toungoo 83.21 111.67 (1907) 53.42 (1957) 60
Yamethin 38.16 59.90 (1916) 18.60 (1958) 45
Mergui 162.28 190.68 (1901) 126,22 (1958) 60
Moulmein 190.09 241.08 (1925) 140.45 (1927) 60
Tavoy 214.85 285.25 (1904) 175.04 (1958) 50
Victoria Point 165.62 191.51 (1917) 120.86 (1947) 30

1. Compiled from: Hydrological Division, Burma Meteorological Department, Hydrologic Summ~iary for
1958, Gov. of Burma, Rangoon, 1960. mimeo, pp. 2-1 throuqh 2-34.
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Date of Heaviest Rainfall
Heaviest rain of the year is most likely to occur sometime during the months

of July, August or September. The onset of the monsoon period is normally
marked by intermittent periods of rainy days and dry days. During the early
phases of the monsoon, rainfall is likely to occur as moderately heavy to heavy
showers of anywhere from 15 minutes to one hour duration interspersed with
drizzle and short periods of sunshine. Very often this early phase of the monsoon
is followed by several days of clear dry weather which in turn is followed by very
heavy rains, often including the heaviest of the year. An analysis of daily rainfall
records covering 134 station years shows that the median date for the years
highest 24 hour rainfall total is July 7. This date, however, is extremely variable
both from year to year and from region to region.

One thing that is certain is that the maximum 24 hour rainfall occurs between
mid-April and mid-November. Of the 134 station years for which daily records
have been studied only two annual maximums occurred in April and seven in
November. Sixty-five percent of the records are almost equally divided between
July, August or September while May holds the fourth greatest number with 18
percent followed by June with 15 percent. A study of 24 additional stations for
which the data is summarized by months and with records varying from 9 to 65
years, a total of 944 station years, indicates much fhe same pattern. No absolute
daily maximum for the year was recorded during the months of December-March.
Ore of these 24 stations shows an absolute maximum in April, and one in Novem-

Heavies aminfall , te vIear is most hzkely to occur during the mouths of July,
A ugust or Septembei and often res,,Its from violent convectional activity. Here
on the Shan Upland clouds from a heavy thundcri shower form the backdrop of
a typical farm vI'ew..\,tte that the licu', mins Irvec caused considerable erosion
along the road.
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ber; two show absolute maximums in October and two in September. The remain-
ing 18 stations have recorded absolute maximum falls in May, June, July or
August with August and May in that order the most important.

The 11 year median volume of maximum 24 hour precipitation also shows
considerable variation from place to place. As might be expected Akyab on the
Arakan Coast records the highest median value, 7.5 inches. Mergui, also at a
coastal location at the foot of the mountains but far to the south of Akyab, is well
behind in second place but nevertheless reports a respectable 4.7 inch median for
annual 24 hour maximum rainfall. Inland from Rangoon values drop rapidly to
reach a minimum near the southern edge of the Dry Belt and then appear to rise
again as one continues north. Thus Rangoon's median maximum is 4.1 inches
while at Prome the figure is only 2.0 inches and at Pakokku and Mandalay respec-
tively the medians are 2.7 and 3.8 inches. The reason for an increase ir, the
median inland from the border of the Dry Belt is apparently related to the fact
that at coastal stations such as Akyab and Mergui rainfall is caused chiefly by weak
cyclonic disturbances traveling with the monsoon air drift and by orographic cool-
ing along the mountains - thus heavy rains. In stations from Rangoon north
through the Dry Belt orographic cooling is minimal. At Rangoon and at Prome
the major cause of heavy precipitation appears to be the passage of the weak lows.
As these move further and further from the sea the volume of rain produced
becomes smaller. However in the Dry Belt with its much greater incindence of
sunlight and its higher temperatures, convectional activity is far better developed.
Thunderstorms are both more frequent and more intense at Pakokku and Mandalay
than they are at Rangoon or at Prome. These storms, arthough of small areal
extent and thus infrequent over any given station, often cause intense rainfall for
short periods and probably account for the higher 24 hour rainfall records in the
Dry Belt than are found at stations such as Prome, Toungoo, Thayetmyo and
Pyinmana at the edge of the Dry Belt.

5o



T

"BURSTING" OF THE MONSOON T
Popular literature often leads one to believe that the monsoon "bursts with

full fury" upon the Burmese landscape at a given date near the end of May. Such
a statement may well be true for almost any given station in any single year, but
such a statement is inadequate, strongly misleading and vastly oversimplified.

In describing the monsoon season as it exists over the Ganges and Irrawaddy
Deltas, W. G. Moore's A Dictionwry of Geography, says in part: "The southwest
monsoon moves forward with a definite front and arrives at each place at approxi-
mately the same date each year; the first rain is known as the 'burst of the
monsoon' -

A study of the available data for several stations in Burma indicates that this
statement is wrong in two respects. At most statcons there is considerable variation
in the date of the onset of the monsoon rains and also the first rain is normally
considerably less than the average fall per day for the entire season. The data -
would thus indicate that one is hardly justified in speaking of the "burst" of the
monsoon.

To take two examples of stations in the most direct path of the heaviest mon-
soon influence, the data for Akyab and Rangoon prove enlightening. The first
question is to decide lust when the "monsoon rains" begin. As has been indicated
and as may be observed from graphs 1 and 2 the beginning of the monsoon
rains is marked by alternating, roughly equal periods of rainy days and dry days.
Such conditions iast for approximately two weeks and are followed by several .
months during whi'h the typical pattern is to have a number of long periods of
rainy days each followed by a short period of dry weather. For purposes of this
study the monsoon period is defined as the season in which there are more rainy
days than there are dry days. The break of the monsoon ra;ns then is taken as --
the first rainy day of the first 20 day period, starting with January 1, during which
at least eleven days recorded rainfall and no more than nine days were dry.
Moreover a rainy day was defined as a day recording one one-hundredth of an
inch or more of precipitation. This definition of a rainy day is the same definition .
used by the Meteorological Department of the Union of Burma and the data was
derived from two sources: "Daily Rainfall of India, for the years prior to 1937 and .
"Daily Rainfall Recorded in Burma for the Month", for the years following 1937.

Using the above criterion and studying the daily rainfall data for eleven years --
it was found that at Rangoon the "normal" condition was for the monsoon rains to
begin on May 6th, the mean date over the period. However during the eleven
years under study the date of the onset of the rdiny period varied from April 26
to May 21, a 25 day period. Also the mean variation of the beginning of the rains
from the "normal" of May 6th was 7 days. The first day of the monsoon rains
according to this definition brought an average of .36 inches of rainfall compared
to typical fall for all rainy days for the year of .63 inches. Thus the advent of the
rains varied considerably in date and brought only 60 percent as much rain as the --

average for all rainy days.
At Akyab on the Arakan Coast, an area experiencing the heaviest rainfall in

Burma and the area with the most pronounced "monsoon" rainfall pattern, the
story is similar. At Akyab the monsoon rains "normally" begin on May 9, three -.
days later than at Rangoon and the variation in beginning date was from May 1
to June 7, a 37 day period or almost two weeks greater than at Rangoon. During
one of the years under study the rains at Akyab were delayed a full four weeks
beyond their expected arrival. If this year is omitted from the data it is found that -•
the variation is confined between May 1 and May 22, and that the average
variation from the May 9 "normal" date is only six days. The "bursting" of the
monsoon rains at Akyab brought an average of .76 inches of rainfall, heavy by
standards in many parts of the world, but less than 60 percent of the 1.39 inches -•

which is the average fall per rainy day for the entire year at Akyab.
For the country as a whole the monsoon normally begins first in the southern

section of the Tenasserim Coast. At Mergui, for example, the normal date appears
to be about April 24. Roughiy two weeks later tne rains begin in earnest at "
Rangoon and along the Arakan Coast. Within five days of the Rangoon date the
rains usually have begun at Papun in the Karen State, at Myitkyina in the
mountainous Kachin State to the far north and in both the eastern highlands
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During the last half of May the Irrawaddy Delta often experiences the first of
the monsoon rains. The early rains are followed by several days of sunny weather
with scattered clouds. At this time farmers move to the fields to complete the
first phases of farm preparation.

(Taunggyi) and the western highlands (Falam). About two weeks after the Rangoon
date the rainy season at Prome. 150 miles inland, begins and ten days after that,
or roughly the first of June, the wet season begins at Mandalay, 375 miles north
of Rangoon. Two interesting features of this apparent northward movement of the
rains from Rangoon to Prome to Mandalay, are obvious from the data. First; in no
year for which data is at hand did the rains begin sooner at Prome than at Ran-
goon, although in 1930 they started on the same date at both stations. Second;
during five of the eleven years under study the rain- 'egan at Mandalay before
they began at Prome 225 miles to the south. It seems clear that, through Burma's
Dry Belt at least, the monsoon rains do not move forward with a definite front.

In the very heart of the Dry Belt at Pakokku the normal date for the monsoon
appears to be June 21st, a full six weeks later than at Rangoon. In fact, using the
definition of 11 days w;th rain out of 20 consecutive days, certain Dry Belt stations
such as Mardalay and Pakokku have true monsoon rains only five of every ten
years. During the other years the number of rainy days at such stations is so low
and the pattern of occurrence is so scattered that at no time during the year is
rainfall recorded on as many as eleven out of twenty consecutive days.
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NATURE OF THE RAINY SEASON
In order to portray more accurately the character of the succession of daily

weather types at the beginning of the monsoon period, during the mid-monsoon
and a' the end of the period, eleven graphs were drawn. For every station, tables
were constructed to shcw the sequence through the entire year of dry and wet
days recorded during each of eleven years for which data was available. Both
the number of occurences of rainfall and grouping of rainy days was taken into
account in constructing a final table. This final table listed the mean sequence of
dry and wet days for a "normal" year at the station under study. These final
tables are expressed in graph form. See graphs 1 through 11.

On these "normal weather sequence" graphs the X axis represents the
number of rainy days and the Y axis the number of dry days. Thus a station with
365 consecutive days having rainfall of one one-hundredth of an inch or more in
a normal year would be repres .nted by a horizontal line and a station with 365
dry days per year would be shown as a ,Trtical line. The intersection of the X
and Y axis at the lower left corner of the graph represents January 1st and the
end of the line at the upper right hand corner of each graph represents December
31st. The point on the graph representing the first day of each month is indicated.

The figures along the X axis represent the cumulative number of expected
rainy days since January 1, while figures on the Y ais represent the total number
of dry days since the beginning of the year. Thus the yearly total number of wet
and dry days at any station may be obtained by reading the coordinates at the
right end of the graph and the normal cumulative totai of such days to any date
during the year may be found by reading the coordnates for that date. At the
scale used in graphs 1 through 1I each grid line repre'.ents two days.

To obtain a quick idea of the type of weather which might normally be
expected, for the next two weeks from any date at any station the user has only

to locate the appropriate graph and find the period under consideration. Where
the graph is horizontal the normal pattern indicates rain; where the graph is
vertical the normal pattern is for dry weather. Where the line alternates, so, most
likely, will the daily weather sequence.

By the very nature of the variability of weather it is clear that such graphs
have little predictive value for periods as short as a day or two. It is equally true
that such graphs have greatest accuracy and predictive value where the line
approaches either the horizontal or the vertical position. The graphs do, however,
portray the norma! character of the weather year with clarity and simplicity as
may be pointed out dramatically by comparing the graphs for Rangoon and
Mandalay.

At Rangoon the year begins with a pronounced dry season. During the
months of January and February only one wet day is normally experienced and
this usually occurs near the end of February. The graph shows February 24th as
the mean date for this single wet day. The normal year's second wet day is most
likely to occur in the third week of March and shows on the graph as M arch 20th.
During April four of the thirty days may be expected to be wet; these wet days
often occur as two sequences of two wet days each separated by four dry days.
From April 22nd until May 6th the graph shows a dry period, but from May 6th
on, a period of intermittent wet and dry days extends to the 17th of May. During
this period surface winds are variable but they come more and more frequently
from the south and souihwest. Surface heating is intense and conditions are ripe
for convectional activity. Local thunderstorms increase in frequency and in
severity and herald the approach of the true monsoon rains. This time of the
"little monsoon" is also a period when severe cyclonic depressions form in the
Bay of Bengal and occasionally enter the Irrawaddy Delta or cross the Arakan
Coast causing considerable wind damage and torrential rains.

From May 18th until October Ist the number of days with rain far exceeds
the number of dry days. This truly is the monsoon period. As defined in the pre-
ceding section the monsoon rains are said to begin with the first rainy day of a
sequence of twenty days, eleven of which are wet. Clearly the rainy season begins
on the 6th of May during a "normal" year at Rangoon. As was pointed out above,
this date fluctuates from year to year and represents only the average date over a
number of years.
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It should be emphasiz-d that the transition from dry to rainy season is not
accomplished in a singk - ajay but ra)her is-marked by a period of alternating wet
and dry spells. At Rangjoon t-4 fren. > -n is accomplished in 12 days while at
Myitkyina and Falarn the shift takes v. iA- over a month of alternating wet and dry
periods, with neither being clearly abie to dominate the weather. At Mandalay
the only period which normaily meets the above definition of mons,-on rains
extends through the l.st two weeks of August and the first week of September.
Pakokku represens the heart of the Dry Belt and a careful study of its graph will
indicate that durir'g a "normal" year there is no period which meets the definition
of monsoon rains. Clearly however, Pakokku does show a distinction between the
dry season and the wetter season. The wetter period begins at about the '5th of
May and extends through the first week of October. Throughout this wet sea'on
at Pakokku, as at Mandalay, the day-to-day weather is characterized by a sequence
of from one to five days of dry weather followed by a series of from one to four
days with precipitation.

Throughout all of Burma outside of the Dry Belt a pronounced period of
monsoon rains prevails from mid-May approximately until the last week of
September at which date the dominance of wet days over dry days begins to
lessen. The graph for Rangoon indicates that even in the midst of the rainy
season a few clear dry days are to be expected. Thus June exhibits two such days,
approximately a week apart, and July shows a single dry day. At the beginning
of the third week of August two successive days are apt to be dry and in
September there are four such days. From October first through November frst

A small farm village 50 miles northwest of Mogaung in the Kachin State. Here
rainfall of approximately 120 iches is distributed over almost 150 rainy days
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Rangoon norma~lly enioys an equal number of wet and dry days. This is the pericxj
of the retreating mons-oon.

Tfm frarzition from rainy season to dry season varies in date of occurrence as
does the onset of flhe rronrsow. rains. While the transition at the beginning of the
rairi- % acc ftnplished In ts~ then tw-.o weeks the transition at the end of the rains
is sr,;-d ove a full awnth. At Rangoon November and December are dry months
ncirmally exhibiting only five and -one wet days respectively.

the graph for Akyab sh~ws a marked similarity to that of Rangoon. At both
stations !he onset of the rains is quit-- abrupt while the end of the rains is marked
by a much 1106Wr transition. Akyab. averages almost twice +,he total rainfall
recorded at Rangoon, yet sh-ows s!;ght!y fewer rainy days. Clearly the precipita-
tion Wei wet day is far- greater than at Rangoon. The graph for Papun is hardly
distinguish-able from thiose of Ran~goon and Akyab except that the end of the
monson is slightly shc-rter and the transition period at either end of the rainy
s"=io is approximately equal in length.

Statiens such as Falam, Myitkyina and Putao, in the mountainous northern and
northwestsern portions of the country also snow very close similarity one to the
other. The rL-nge of number of rainy days is only from 148 to 152 despite the
fact that total pweipitation varies from 66 inches at Falamn to 154 inches at Putao.
in all thlree casei January is a dry month while February, March, April and May
show an increalnfg frequency of wet days leading up to the onset of the monsoon
in June. The transition from dry to wet is not as sharp and clear here as it is at
Rangoon, Akyab and Pspun. Falam, Myitkyina and Putao also exhibit rainy sea-
sons interrupted by more frequent dry periods then were found at Rangoon.

hAiandalay and Pakokku illustrate conditions in Central Burma's Dry Belt while
Preare shows conditions transitional between ihe wet coastal monsoon areas and6
the Ory Belt. Mergui demonstrates seasonal weather changes representative of
the southern portions of the Tenasserim Coast and Taunggyi is perhaps typical of

the march of seasons on the Shan Upland.
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DIURNAL VARIATION OF RAINFALL'

Long time residents of Burma have learned from experience that to plan any
shopping trip or social engagement between noon and seven in the evening during
the monsoon is to .nvite a drenching from the torrential rains. Trips are made early
in the morning and dinner engagements are delayed until 3t least eight o'clock in
the evening partly in an attempt to avoid getting soaked. The hours between two
and five in the afternoon are avoided at a!most any cost for to venture outside at
this tine of the day is considered sheer folly. From about one to three o'clock
many shops, offices and banks are closed and even hbe bazaars are quiet and
lethargic. The transplanting of rice comes to a virtual halt during the mid afternoon
hour; and even the taungya operaors take a long siesta. This rhythm of life in
Burma is so well defined and so widespread as to appear clearly to be an adapta-
tion to environmental conditions. As has been demonstrated in an earlier study 2.
these are the hours of oppressive dry season temperatures; these are also the hours
of heaviest monsoon rainfall. These are hours when physical activity is least
pieasant during a major portion of r! year. These are hours to be avoided.

Little data has been collected to verify the widely accepted facts concerning
diurnal rainfall patterns. Texts are full of statements such as: "rains are of a
thundery type usually occurring in the afternoon or early evening" or "the heaviest W

falls are recorded in the afternoon hours", but seldom are such statements backed
by data. S. S. Lal's study of hourly rainfall at Mingaladon gives substance to the
widely held beliefs concerning the daily rainfall pattern.

During a period of slighty over nine years, from September 1932 through z
December 1941 a self-recording raingauge operated first by the India Meteoro-
logical Department and later by the Burma Meteorological Department was in use
at Mingaladon Airport. The site was 12 miles north of Rangoon, at an elevation of
79 feet above sea level, near the edge of a wooded plateau and midway between
two large lakes. The rainguage operated in a standard observatory enclosure at
the edge of the airport runway and at a height of 30 inches above the ground. _J

The total rainfall over the nine year period, October 1, 1932 - September 30,
1941, and the total number of rain-hours for each of the 24 hours of the day for 4
each of the four seasons of the year was tabulated and plotted. See graph 12.

Cool Sason. Thi; season, defined by Lal as the months of December through
March, represents what is clearly the driest portion of the year. Over the nine
year period a total of 13.80 inches of rain fell during these four months and these
were recorded during a total of 100 rain-hours. The graph shows that during this
season the greatest volume of rain fell during the hours from 2-4 in the afternoon
with a second peak at 7 o'clock in the evening.

This season as a whole recorded only one and one-half percent of the total
precipitation, but of that small total slightly over 70 percent fell between the hours
of 6:00 a.m. and 8:00 p.m. By contrast the hours from midnight to 6:00 a.m.,
representing one-fourth of the entire day, recorded cnly slightly over 11 percent
of the rainfall and were the driest hours of the season. The wettest month of this
season was December which recorded afternoon maximums, while in January,
February and March no rainfall was recorded in the nine year period between
10:00 p.m. and 5:00 a.m.

Hot Season. The hot season is defined as the months of April and May and
is a period of intensive heating, unsettled air mass movement and intensive con-
vectional activity. These two months recorded a total of 13 percent of the yearly
rainfall, much of it from thunderstorms. The greatest rainfall in any one hour
period occurred between 1:00 and 2:00 p.m., which hour recorded 10 percent of
the season's total. The graph shows a marked peak in precipitation during the
warmest part of the day from 10:00 a.m. to 7:00 p.m. The peak is also noticeable
in terms of the number of rain-hours concentrated in this part of the day.

1. Much of the material in the following paragraphs is derived from a ,ingle excellent source: Lal, S.S.,
"A Study of Hourly Rainfall at Mngaladon Airport (Burma)",

2. Huke, R. E., Temperature Change With Eltvaiio in Burma, indian8 Univ., Foundation, Bloomington,
Indiana, 1962, 143 pp.
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DIURNAL VARIATION OF RAINFALL AT MINGALADON L
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At most stations in Burma the greatest~ concentration of rainfall during the 24
hour period is between 1:00 and 5:00 p.m. At a station such as Sin lumlaba on
the day the above picture was taken, such~ data seems insignificant. Heavy rainfall
throughot the daylight hours dcpasited over 16 inches of water.

Monsoon Sea-aon. Lal defines the monsoon season as the four month period
from June through September and his data indicates that 75 percent of the year's
rainfall occurs during this period. The graph again shows a very pronounced
maximum between noon and 8:00 p.m. These eight hours recorded 53 percent of
the total precipitation while an equal period from midnight to 8:00 a.m. measured
only 21 percent The wettest single hour was fro)m 2 to 3 p.m. with the 4 to 5 p.m.
period a close second. The driest hours were from midnight to 2 a.m. with totals
only slightly more than one-quarter of the wettest period.

Post Monsoon Period. This season includes the months of October and
November and shows a marked decrease in rainfall as contrasted with the mon-
soon season. Eleven percent of the year's rainfall occurs in these months with
October having 70 percent of the total. Once more the lion's share of the rainfall
takes place during the early afternoon and evening hours. Late evening and
morning hours are the driest.

Year. Graph 13 is an attempt to porpray the mean daily variation of rainfall
at Mingaladlon from the data gathered by Lal. If the nine year period of observa-
tion can be accepted as producing acceptable mean figures then this graph repre-
sents the expected hourly distribution of rainfall for a "normal" year. A longer
period of observation would be highly desirable and would probably result in
smoothing out the curve although the salient features would be expected to remain
much the same as they are shown.

69



OL

RAINFALL IN INCHES
M (A (p~ 0 -4 w

00  -- - - --lJi o *,4I

0m

zI

- -

z

m I

IlIG)

m

2 I
-/- I

0

z
1

I



Clearly rainfall is not evenly distributed throughout the day. Between 1:00
and 5:00 p.m. rainfall reaches a marked peak. The totals for the year taper off
gradually during the evening hours and reach a well defined minimum between
midnigh? and 2:00 a.m. During the morning hours, right up until 11:00 a.m.,
annual rainfall totals remain almost constant hour for hour. From 11:00 a.m. to
1:00 p.m. totals build up rapidly toward the afternoon peak.

The hot season afternoon maximum rainfall appears to be closely related to
convectional storms but the monsoon season afternoon maximum cannot be
explained as easily. Certainly at that season convection plays a part in peaking the
rainfall but with greater cloud cover and considerably lower surface temperatures
it seems reasonable to expect convectional rainfall to be of relatively less signifi-
cance in the monsoon season than in the hot season. How then may the marked
afternoon precipitation be explained?

During the monsoon season the flow of air over Mingaladon and other loca-
tions in the Irrawaddy and Sittang Valleys is from south to north as was pointed
out in a previous section. During these same months there is a marked daytime --
increase in temperature between locations in the Irrawaddy Delta and the Dry
Belt of Central Burma 1. . This temperature difference results in a decreasing pres-
sure gradient from south to north which is strongest during the early afternoon
hours and least well developed during the early morning. The diurnal increase and
decrease in pressure gradient leads to marked fluctuations in the speed of air flow
over areas south of the Dry Belt. Thus at Mingaladon air movement reaches its
maximum speed at about 3 or 4 o'clock in the afternoon, some two hours after
the maximum pressure gradient is achieved. The increase in speed of movement
of the warm moist air ^owing from the Bay of Bengal and the Gulf of Martaban
apparently favors the development of conditions of instability within the air mass
itself and thus encourages precipitation.

1. See Huke, R. E., op. cit., pp. 15-18 and Sir John Eliot, Maemirs of the India M teorological Dept.,
Vol. XVIII, Part I, p. 47
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ANNUAL VARIATION OF RAINFALL
In previous paragraphs it has been pointed out that the rainfall varies con-

siderably in volume from place to place within Burma and that at any given lc ca-
tion precipitation varies from hour to hour throughout the day. Reference to table
6 wili indicate that at any given station rainfall totals for the year also vary
markedly from one year to the next. The seven stations used to compile tables
6, 7 and 8 were chosen to represent conditions in widely diverse sections of the
country, ranging from the Tenasserim and Arakan Coastal Regions to the Irra-
waddy Delta, the Shan Upland and the Dry Belt. Within each of the regions, sta-
tions were chosen on the basis of the length of record available and oh this
author's evaluation of the reliability of the data.

It will be noticed that the average rainfall for the 21 years shown on the
table varies considerably from the "normal" figures given in the final column.
In gross volume the difference is greatest at Akyab where the long term "normal" !
is recorded as 203.37" but where the 21-year average was only 190.76". At
Pakokku, on the other hand, the 21-year average was greater (as opposed to less)
than the "normal", the respective figures being 25.84" and 23.91". Interestingly
enough, in each case the difference between the 21-year average and the "normal"
is approximately 7 percent. Of the seven stations shown in the table, three
recorded 21-year averages lower than the "normal" while four were higher than
"normal". The total of all seven 21-year averages was 3.43 percent lower than the
total of the seven "normal" figures.

Table 7 uses the same stations and the same data as does table 6 but fo. each
station-year the percentage of variation from the 21-year average has been sub-
stituted for the actual rainfall figure. The station showing the lowest mean annual
variability is Mergui while the variability is greatest at Pakokku. All other things
being equa, Iheory dictates that stations with the greatest total volume of rainfall
have the least annual percentage variation and that the driest stations have the
greatest variation. Theory and fact coincide well for the seven stations studied
except in the case of Mergui and Akyab. Akyab, with a 21-year average rainfall
measuring forty inches greater than that at Mergui, shows a significantly higher
variability.

Mergui is located in the far south of Burma in an area 'alling under the
influence of the inter-tropical front during a major portion of the rainy season.
Akyab, by contrast, is at the northwestern end of the Arakan Coast where the
inter-tropical front plays a relatively minor part in producing rainfall but where
the effect of the summer monsoon is strongest. Perhaps the difference in variability
indicates that the monsoon winds are less reliable producers of rainfall than is the
inter-tropical front. This question deserves further work in subsequent studies.

Variability from the 21-year average was not markedly consistent year by
year thr, ughout the country. For example, during this period the two wettest
stations, Mergui and Akyab, both showed variation in the same direction (either
positive or negative) only 10 times, just as the law of chance would indicate. In
only one year, 1939, did all seven stations show variation in the same direction
from the long term average. In six additional years six of the seven stations varied
from the average in 'the same direction but the seventh station shifted in the
opposite direction. Furthermore the station out of phase with the rest of the
country was nnt always the same not, indeed, even in the same region. The misfit
shifted from Prome to Pakokku to 'vergui to Mandalay.

The mean variability from the 21-year average for the 147 station-years
presented is 12.71. For individual station-years the variability ranged from 0.0 to
+ 66.2 and -36.0.

The question of consistency from station to station and between the wet areas
and the Dry Belt in the variability of rainfall from year to year was investigated by
means of reference to the interannual variability. The interannual variability por-
.rays the sign and the magnitude of the difference of precipitation in successive
years. It was thought that this element might be more sensitive to broad patterns
of yearly rainfall variations than were the data for variability from :he long term
average. The same seven stations and the same 21-year period were used to
compile the results presenled in table 8.

Several interesting and meaningful observations can be made from this table.
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Table 8

Inoer-annuai Varabiliy of Prepiahn
7 Key Sations-

srtV4!'-e af Yews AWp~ 7sra-- Nd Pai-U swc h N4. - 71;ZA

1928-1929 -00.4 - 9.9 A 3 - 2
1929-1930 -3.8 +11.6 3 4 1 1
1930-1931 - 7.1 -- 363 2 5 - 2
1931-1932 --00.3 +35.7 5 2 2 -

1932-1933 - 55 -00. 4 3 1 ]

1933-1934 -9.2 -- 5 3 4 1
NA

1938-1939 +- 2.7 -- 58 3 4 1
1939-1940 - 1+7 5.7 3 4 1 1

NJ.A.

1950-1951 -5.5 -17.5 4 3 2 -

1951-1952 -13.6 -5.7 5 2 - 2
1952-1953 -12.2 -11.0 1 6 1 1
1953-1954 - 3.5 -3-2 2 5 - 2
1954-1955 -8.4 +152 5 2 2 -

i955-1956 -j-2A -40.2 4 3 2
1956-1957 -223 -30.0 1 6 1 1
;957-1958 -+ 8.8 -- 005 4 3 1 1
19584959 -22.7 + 9.4 6 1 1 1
1959-1960 -9.9 -7.4 2 5 1 1
*Thewa 4-w same 7 af m*d&% wmt ~sPinmecid in A&e Pro;OUS tobe.

In only 10 of k- la sequences of years is the sign of the variability inthe
Dr/ Beft +e.-- saie as that for ail of Burma. Irterestingly, in the two sequenm
when variability was greatest, 1956-1957 -nd 1958-1959, the sign was the same
. the D-y Bell as in all of Burma. The possible signifiance of this rela--ionship

is severely quesfioned, however, by the fact that in 1951-1952, the sequence of
rhird greatest variability, the data for all seven stations shows a positive swing of
13.6 percent while the Dry Belt stations show a negative dip of 5.7 percent.

In columnn two it will be n,,:iced that sequences showing large surpiuses or
large deficits are chen followed by sequences showing the opposite sign. ft can
perhaps be stated that there is a tende-cy for maior departures from normal
precipitation to be compensated for in the subsequent years. No great emphasis
should be placed on this observatioh, however, for it has already been taken into
acc.-nt in determining the long term average.

The two final co!umns cf table 8 deal only with the Dry aelt stations Mandalay
and Pakokku and show the number of stations reco.ding increased precipitation
and the number recording deoxeased precipitatioii for the two-year sequence. In
only 8 of the 18 years do the two stations show changes with he same sign. This
is approximately the same prOportion that would have identicri signs by c.ance
according to probability theory. In the 1956-1957 sequence the seven stations
showed a tota; decrease of 22 percent and the variation of the Dry Belt stations
was minus 30 percent; of all seven stations, si" showed declines. but Mandalay,
a Dry Belt station, bucked the trend and recorded a modest increase. There
appears to be little direct relationship between annual . iinfall variations of the wet
coastal areas and those of the Dry Belt. This is undoubtedly due to the fact that
precpitation in th-ese two areas is the result of diverse causative factors as out-
lined previously.

interannual variab;lity of rainfall in Burma is markedly lower than that found
by Landsberg I. in Ohau. This fact may indicate that rainfall derived chiefly from
trade wind sources is less reliable than that from the Southeast Asian monsoon.
Further studies on this topic are needed.

1. Lands.erg, H. "'Statistical Investigation- into the Camatology of Rainfall on Ohau (T.H.Y', Mitern-
Igical Mofograp.is, VcJ t. no. 3, Jun- 1951. pp 7-23.
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THE DRY BELT
in the disasian of almost any asoed of the counmry the area of Central

Surma, knewn in the literature as the Dry Be t., assumes a special siqirxn-ce
Tigs area has sered as the heanh cf Burmese culure and it was in this a ea th-a
Brmese civilization ad&-ved its grea-est heighs. The My Beft is disincive for
its lov rainfa!i coaubirbed with high tempe jares ad fc r the fact :ha- its gricul-
ture, its natural vegei aic,, fts scil types and euen its patern of se lmen. con-
trast sharply with coniton found in oyher parts of Burma The core area zi the
Dry Belt is easil, identified and almost all awhcs agree -hat ;I ce.:ers cn use
towns of Pakckku and ?ryingyan and that it -so indudes the anciet capital at
PagaL The ou:er Eimit of the Dry Set is moe .cult to ,atew. in par because
being a dirrate boundary, i: varies frem year :o year.

;n a study of rainfall in Burma cre set cf questions which might we!! be asked
deals with this Dry Belt. Where is the Dry Belt? 1ow much varia t is there in ii
size aid shape fro year to year? is there a true 'ore area-? If so where is it?

In an atlwyt to a._swer these questions a series of mp- has been trade
using Ihe Kppen and the Thorrthwaite systems of cassirction. Data for all
available stations from the latitude of Totmgoo and Prome in the south to Katha
and Mavw.laik in the -*rth and lying between the Shan Upland in the east and the
foot of the Arakan Yona to the we*t were used. The a-ea involved meas,.es some
360 miles from north to south and has an average width of roughiy 120 miles.
Within ths area are located 83 rairgauges with records adequate for use.

1. oef a *im ggms is poisd io, E==& Hwo=o,2q= De. Samq , Shewimd i.Mo,,,f
awd Awma iWal a- R6awieg Se,,as . SwIm for te Yew. Stper. Ga,'. Pratg &a-
SU6--y. P-,D-s A-2

The eastern edge of the Dry Belt is marked by a steep jauit scarp which often
rise. as much as 2,000 feet ti a single step. This view is taken from the top of
Mandalay Hill.
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all stations were abie to repor; data for each -nonth during the eleven year study
period, 1950-1960, because of insurgent activity and the lack of sufficient numbers
of trained observers. The data available however was sufficient to allow the maps
to be prepared with some confidence.

For the Koppen c!assification there was no question about which line to use
as the limit of the Dry Belt since by definition the B climates are termed dry and
are the climates in which the potential evaporation during an average year exceeds
the precipitation. On all KI6ppen maps of the Dry Belt the line shown is the
boundary between the B climates, inside of the line, and the humid climates,
outside of the line. In almost all cases the Dry Belt "B" climates are bordered on
both the north and the south by "A" climates. However, in years when the B
climates extended further to the north than normal, they were bordered, in Katha
and Upper Chindwin Districts. by C climaes.

With the Thornthwaite classification the choice of which line to use was more
difficult. in Thornthwaite's 1948 classification nine climate types based on the
moisture index are presented .. The two lines of concern are the dividing lines
between C., moist subhumid (moisture index of 0 to 20) and C,, dry subhumid
(moisture index -20 to 0); or between C and D, semiarid (moisture index -40 to
-20). Map 31 was prepared plotting both lines using the data from all 83 stations.
By checking this map against the descriptions in the literature and by asking the
opinion of various Burmese scholars it was decided to use the C1/D boundary in
subsequent mapping a: shis more closely approximated the traditional Dry Belt
than did the area enclosed by the C.,/C,, boundary.

The C/C Thornthwaite boundary by definition separates those areas with ;t
positive mristure index and thus a water surplus from those areas with a negative
moisture index and a water deficit. In theory this should be the same as the
Kppen B/H boundary if the systems were equally precise in their measurements.
In fact, using the identical data from Burma's Dry Belt, the Thomthwaite C2 /C 1

boundary lies well outside of the K'6ppen B/H boundary, as may be seen by com-
paring maps 31 and 32. In the south the Ko'ppen boundary lies to the north of
Thayetmyo, in the Irrawaddy Valley, and Yamethin, in the Sittang Valley, while
the Thornthwaite boundary lIes south of these towns. To the north, the KIoppen
boundary lies south of Shwebo and extends up the Chindwin Valley to a point less
than 20 miles north of Monywa. The Thornthwaite boundary is located 20 miles
to the north of Shwebo and extends up the Chindwin to a point 45 miles beyond
Monywa. The total area included within the Thornthwaite C./Ci boundary is
approximately 60 percent larger than the area enclosed by he Kppen B/H
boundary and includes considerable area recognized by Burmese specialists as
lying outside of the Dry Belt.

The Dry Belt is usually described as an area where rice is not raised without
irrigation and where agriculture is characterized by a great diversity of crops
including an important emphasis on pulses, sesamum and groundnuts. In light
of this distinction the following table is of considerable interest.

1. Thornthwaite, C. W., "An Approach Toward a Rational Classification of Climate", Geraphical Review,
Jan. 1948,. op. 55-94.

Table 9

Dry Belt Crop Areas*
Thayetmyo Dist. Minbu Dist.

Irrigated area 5,500 acres 132,000 acres
(Major crops)
Rice 78,000 125,000
Pulses 16,000 45,000
Sesamurn 66,000 61,000
Groundnuts 13,000 10,000

'Data compiled from: Season &ad Crop Report for the Union of Surma for the Year Er dlng 30th Jun,
1956, Superintendent Government Printing and Stationery, Rangoon 1960. (in Burmese)
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C!early a major portion of the rice in Thayetmyo District is not irrigated while
that of Minbu is. Thus Thayetmyo is outside of the Dry Belt despite the importance
of sesamum, pulses and groundnuts in the province. These latter crops indicate
conditions approaching those of the Dry Belt and indicate a locarion close tc. the
border. Thayetmyo District would be included in the Dry Belt using the Thorn-
thwaite C./C border and excluded from the Dr/ Belt using the Thornthwaite
C1/D divide.

Map 31 also shows the Thornthwaite Cs/D boundary. This includes an area
smailer than the recognized Dry Belt. The contraction is particularly noticeable in
Kyaukse, Shwebo and Minbu Districts where irrigated rice is very important.
Neither of the Thornthwaite lines appears adequate to define the Dry Belt precisely.

For purposes of observing differences in size and location of the water deficit
area from year to year it was decided to use the C;/D boundary rather than the
C,1C1 divide. The choice of the C/l) boundary was also made in an attempt to
delinate the core area of the Dry Belt.

The next step was to prepare maps showing the Thornthwaite and the Koppen
divides as based on "normal" rainfall and temoerature data and at the median
position for the eleven year study period. "Normal" data is that supplied by
Burma's Dept. of Meteorology and is based on records varying from a minimum
of 10 years to a maximum of 74 years for individual stations. The average length
of record is 43 years.

The median location of the climate divides was arrived at by plotting the
divide for each of the eleven years under study, superimposing the eleven maps
and drawing a new line based on the median position of the eleven yearly lines.
Map 32 shows tFe normal and median lines according to Kppen and map 33
does the same for the Thornthwaite system.

The normal and 1950-1960 merdian lines according to the KIppen system
include approximately the same total area and show only minor variations in
location as may be seen on map 32. The Thornthwaite system on the other hand
shows major differences between the normal and the median, with the median
location including 65 percent greater area than the normal. The extension is
particularly noticeable near Kyaukse. This was apparently caused by the fact, that
while yearly total rainfall was below normal during the 1950-1960 period this
deficiency was most marked in the month of October which, according to "normal"
data, is the wettest month of the year. Table 9 shows that of the ten years for
which data is available Ngapyaung Wier, six miles east of the town of Kyaukse,
showed above average rainfall only twice and significantly below average rainfall

seven times during October.
The next step was to use the two systems of classification to identify the core

area and the absolute outer limits of the Dry Belt. The core area was taken to be
that area which during the eleven study years fell continually within the dry
region and never enjoyed a single wet year. The absolute outer limit of the Dry
Belt includes all areas which were inside the boundary at least once during the
study period.

Again interesting contrasts were observed. The maximum extent of the dry
zone was strikingly similar. Kppen's boundary extended somewhat further south
in both the Irrawaddy and the Sittang Valleys. In the Irrawaddy the maximum
limit approached within 15 miles of Prome, some 40 miles south of the Thorn-
thwaite limit, while in the Sittang Valley the maximum limit fell 20 miles north
of Pyinmana, 10 miles south of the Thornthwaite boundary. In other areas the
maximum extent of the two was so close that measurements of the difference;
were not considered as significant

In terms of gross area covered The outer limit of the Kppen B/H boundary
enclosed 19,250 square miles while Thornthwaite's C,/D boundary covered 17,250
square miles or 2,000 less than the former system.

The core areas of the 2 systems showed marked contrasts, with the K~ppen
core area being of considerable extent and covering what, according to the
literature, is the traditional center of the Dry Belt, K8ppen's core area covers 2,430
square miles or 13 percent of the maximum dry area for the 11 year period.

Thornthwaite's core area is far smaller than K'ppen's and excludes such
traditional Dry Belt centers as Pagan, Pakokku and Myingyan. This core area
covers oniy 257 square miles or only 1.5 percent of the maximum extent of dry
areas. A
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Ta be 10.

Usa~oyatmg Wi1ier (E.. ef Kyaukse)
Rainfall in irdbes

3 &Ar,:hs Yearly
,S L. r NOV. Toul Toal

!Ncmmr 5.03 654 1.89 13.46 32.61

1950 10.03 i1.09 3.81 24.93 40.84
1951 4.02 9-57 0.00 13-59 24.? ' 1
1952 2.43 6-78 2.35 1156 20.37
1953 1.66 4.91i 1.48 8-05 29.51
1954 4.79 4.96 0.00 9.75
1955 5.81 1.50 4.60 11.91 29-57
1956 6.63 5.03 0.61 12.27 26.23
19,57 5.1i 1.99 0.00 7.10 19.47
1958 n.a. n.a. n.a. n.a. na.
1959 477 3.31 0.00 8.03 29.21
1960 5-60 5.89 0.00 11.49 21.17

Total 50.90 55.00 12.85 118.78 241.24

Average for
10 Years 5.09 5.50 1.29 11.88 26.80

Change from
Normal +-.06 -1.04 -. 60 -1.58 -5.81

Percent Change
from Normal +1 -16 -31 -12 -18

KOppen's core area is adz like in shape as may be seen on map 34. It extends
south of Mandalay some 50 miles and covers both sides of the Irrawaddy Valley
from Sagaing, just south of Mandalay, past the junctions of both the Au and the
Chindwin Rivers to a point a few miles south of Pagan. The Thornthwaite core
area, by contrast, is limited to a small triangular area at the junction of the Mu with
the Irrawaddy, as is illustrated by map 35.

A series of eleven climate year maps was constructed showing the area
included in the Dry Belt by each system for each of the years. Four of these maps
representative of different conditions a:e reproduced as maps 36, 37, 38, and 39.
These four maps illustrate rather well the variations both in size and in location of
the Dry Belt from year to year. Perhaps more than anything else they demonstrate
that the "normal" and median boundaries shown on maps 32 and 33 have little
relationship to actual conditions in any given year. These four maps in turn
emphasize the importance of the maps of the core area and outer limits discussed
previously.

In 1951 the Dry Belt was considerab!y smaller than normal and was located
much further to the north. The north, east and west boundaries of Kppen and
Thornthwaite match surprisingly well and differences are to be noted in the ;rra-
waddy and Sittang Valleys where the Thornthwaite boundary extends less further
south than does the K~ppen boundary. Of particular note is the fant that in 1951
Pagan and Pakokku, at the traditional core of the Dry Belt, both lie outside of
Thornthwaite's dry boundary. Note also the fact that Thornthwaite isolates five
stations along the Mandalay-Kyaukse axis to form an island of humid climate sur-
rounded by semii-arid conditions. This pattern is not revealed by K6ppen.

In 1957 the Kppen boundary enclosed almost its normal total area and
approximated its usual shape. It was, however, located south of its normal posi-
tion and included Thayetmyo in the Irrawaddy Valley and Yamethin in the
Sittang Valley.

This same year Thornthwaite's semi-arid area was about 400 percent of its
normal size and extended far to the north and south of its noimal location.
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As was the case in 1951. I(Cppen imbit exlended sou'h of 1Tarn!~1Wabe in
teIrrwaki ar Si-va.- Vae;&. PCpen also irkrded =44wab~e secio of

we Laocer Chmcnn VaIL-y -=t indded wiin Thwedraates; semi-ard bound'ay
A pankuawy iteesting fea-,e of * m- map is the exftm ion ef the Thomrthwaite
bosndvry c= eraa beyond fime I(ppen bowdazey in the Swrebo Disti

berwen -.b hrra~y an tie een Rvm 1. s fion of thOw X~W
botmwy e-yx~dtil Oppn bx~drf s aparetlydue:o,*.ef~i of a very

Octobker. This was enmcgh precipitanlon ;ISShWebo-W~~ Svrro~zAlng fa
as Aw acodimg to *he K*ppeta sysw~m and t.h-ss ez&de the req c-. from *.be Dry
Belt for :he year 1957. in +..is exam;>Se the very heavy Wae season rais &id -ofj ~ccnfperisae for the bong dry and hot mid season according :o -,hL 7horwai'
fxnzola, and Sfr-ebo, was included within :he Dry Belt. Thus the more compleax
Thornthwaite system is shown to be more sensiive to seasonal dwaceristics and
ess strongly influenced by short term paterns than is tOw KEpen sysiem

Maps 38 and 39 for 1953 and 1954 showt raher cdose correspondence
between the two system with e Thcentivaire boundarvy enclosng a somewhat

smaller area than the 1(5ppen, as is to be expected-. In 1954 an island of himid
dirnate shows up in the central portio of the Chindwin Valley or, both syseems.
This resulted from very heavy August Septemrber and October rainfallf recorded
at sevetal stations in the Lcwer- Chindwin D-strict. In this case the three month

period of above average precipitaticn more than compensated for below average
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THE WATER BALANCE
Precrpirwa~z~ and rer=era-,we are perhL-s the nms: arpcXrax of ;he 6rsznare

e~ecnen;s in ter m of rncs use of an area- Lcca&scn as a :y vcn-pone size or in a
section sui:V=t ;aeq zarrnaes has mduced rr- to ncdify Scc -iha !us use
of cefmin areas. but sm-ri is n-rc he case in Burima.1e n as a clirrezzen- by
iseafi ;es li-.L- impat rn life '11 Bun'ra Anmcar-- ;=essure, -the ficurh vseat.her
eenew also appears to be ef fittie cseq~ivence to -.ne pecte cf Ben~ma exceptn in
nha: pressure idiffeteoces cause t.he dei-ekx=re:v of air -fiorws vhlxh In trn -,w
br'ing pcpiuain-

Preipitaicn and :vnpraiure allme, i)-evner, db no; add up :o equal *be
real clinawe of any par. of thre .vcrfd- Perhaps in Svrmna, a czvw-nry of *.he 'we2
.. =a=c trCpoc5'. bare daa o rainfall and tempe.a-wre is even less trzeful than
it wou~d be focr midlatiude couniriesr. Snur m, wvith its prcrzounred rainfall
rhyhfm, peraids c i assive viat-er suses afterraee wvit.h p;eriods ot sericu_ and
prokxxged dreuGhi.

For a more accurate pctcure cf the volume of surplus above nee---d and of the
seriotusness of t.he drough: period, a series of six water bakanre c+arts have been
cnstrutaed. I

The statfiar* fcr a study of tihe water balanee were Chosen on tebasis of
geographical distrib-oien and comnpleeness eci available data. Akyab represents
the wentes: and the most pronounced of the mconsomi areas, Rangoon is typical of
condistions in the vast Irrawaddy Delta, IAandalay and nanbu are representative of
Dry Belt conditio;ns, To'sngo is midw,.ay between the heart of the Delta and thie
core of the Dry Belt, while Taunggyi demonstrates conditions on the important
Shan Upland.

On these charts t.he normal precipitation, the potential evapotranspiration and
the actual evapotranspi.-ation are plotted by months and conneced by lines. In
months where the rainfall is greater than the actual evapotranspiration the rain
that falls either soaks into the soil and is held as soil mo-xisture or it runs off as
surface or underground drainage. In the case of Akyab "normal" data shows that
the firs! 6.89 inches of rain to fall after precipitation exceeds actual evapotranspira-
*ion (mid--April) is absorbed by the soil and is called soil msture recharge. From
that time on untii approximately November 10 precipitation exceeds actual evapo-
transpiration and the difference between the two represents water surplus or
runoff. During this season Akyab enjoys a surplus of 151.72 inches of rainfall.

Once rainfall drops below potential evapotranspiration, moisture is drawn
from the soil. Unider these conditions actual evapctranspiration is always less than
potential evapotranspiration because moisture is released from the soil gradually
and moves either through the plants to be transpiredl or by capillary action toward
the soil surface to be evaporated only slowly. During s- N periods moisture which
had been stored in. the soil is released and is shown on the charts by horizontal
lines. Immediately following a period of water surplus the volume of soil moisture
is high and actual evapotranspiration is only slightly lower than potential evapo-
transpiration, as may be seen by 'he December conditions at Akyabl. The difference
between the potential evapotranspiration and the actual evapotranspiration repre-
sents the water deficit for the month and is shown with the heavy dot pattern.

As the dry season extends over longe- and longer periods the volume of
moisture stored in the soil and thus available for evapotranspiration becomes less;
actual evapotranspiration falls further and further below potential evapotranspira-
tion and the water deficit becomes larger. This is illustrated for the months of
February, March and April at Akyab. Here the total soil moisture utilization for
the norma! year is 6.89 inches (identical to the soil moisture recharge at the
beginning of the wei season) and the dry season water deficit equals 8.89 inches.

Mandalay provides a very interesting example of conditions in the Dry Belt
where a water deficit exists throughout the year. At no month in a norma! year
does precipitation equal the potential evapotranspiration. Here the plants are not
able to make use of any significant volume of moisture stored in the soil from

I For a detailed dl,scusvon of the meThod used see- Thornthwaite, C. W. and J R. Mather, "The Water
Balance", Publications in Climatology, Drexel Inititute of Technology, Laboratory of Climatology, Vol
V11, no 1, 1955 See also by the same authors in the same series: "Instructsons and -cables for
Computing Potential Evapo~ranspiration and the Water Balance'. Vol. X, no. 3, 1957
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a w~enser period arid must cely tofaly ipcn the precipstafon that actually falls.
Mudic of thizs nmcis!-te is abecbed by the t.poer layers of the soil and is evaporated
rapidly fr= +..e surface or translpiredl by -.b- plants. Precipitation makes no
sigmificants contribusiori ta soil =istue sioracpe fin any ronth during a riorm-al year
and a moisture defidenc-y is &,-- rug-- Actual water deficit totals 30.73 inches
annually with April, March and July, in. that order, bieing the mont of wxst
serior. &oughi.

Clearly the capacity of the soil io reain woisture is a function of the type of
soil involved and the dharacter of the vege-tatkwn. A fine sandy soil is not able to
hold as much mnoisture as is a heavy clay soil-

By ihe same token 'of is also dear that crops such as spinach, beans, beets and
k-ettuce, being very shallow rooted, are able to utilize mo:.isture from onty a thin
layef of surface soil while a closed mature forest has a root system extending
.nany fee below the surfa" an~d is able to uNiliz scsi moisture to a conisiderable
depth- For purposes of the wazr balance charts presented here, soil and crop type
were assumned to be similar at all rtations. The soil is of a day Iozm variety found
throughout Burma and the crops were limited to moderately deep-rooted types
such as rice, millet, cotton and tobacco.

Root penetrat-cn depends no: only on the crop but also on the type of soil.
Towrnthwaite, and Mather indicate that for the soi! and vegetation types postulated
above the root zone extends approximately 2.67 fee., below the surface. This was
the figure utilized in the constructon of the charts.
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